Cachexia and muscle wasting is a frequent but partly reversible complication in patients with chronic obstructive pulmonary disease (COPD), and affects the disease progression and prognosis. Weight loss in COPD is a consequence of increased energy requirements unbalanced by dietary intake. Nutritional supplement therapy has been shown to be effective for maintaining and improving the muscle strength and exercise tolerance in poorly nourished COPD patients, thereby decreasing morbidity and mortality. This mini review discusses the role of nutritional supplement therapy in the treatment of COPD.
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) as defined by The Global Initiative for Chronic Obstructive Lung Disease (GOLD) is characterized by airflow limitation that is usually progressive, partly reversible and associated with an enhanced chronic inflammatory response in the airways and the lungs to noxious stimuli. [1] The global prevalence of COPD in adults aged 40 years and above is estimated to be approximately 9% to 10%. [2, 3] Worldwide, COPD is presently the fourth leading cause of death and may become the third leading cause by 2030, as estimated by the World Health Organization (WHO). [4] Considering the impact on the society's medico-economic burden by this disease, the preventive and therapeutic measures for the disorder are being relentlessly pursued.
The majority of the patients with severe COPD are lean, and frequently in a malnourished or undernourished state, referred to as "pulmonary cachexia syndrome" (PCS), which is characterized by loss of fat-free body mass causing muscle wasting. In fact, it is estimated to occur in 25% to 40% of COPD patients and is associated with an accelerated decline in functional status, carrying an unfavorable prognosis. [5] [6] [7] The muscle wasting in COPD not only leads to decreased skeletal muscle function associated with reduced exercise capacity, but is also a major determinant of mortality in COPD, independent of airflow obstruction. [8, 9] Nutritional supplement therapy has been incorporated in the management of COPD patients since a long time and has shown good and promising results. [10] This manuscript briefly discusses the PCS and the role of nutritional supplement therapy in the management of COPD.
COPD AND UNDERNUTRITION
Patients with advanced COPD are often noticed to have decreased body weight. Twenty-five percent to forty percent of all COPD patients have low body weight, with 25% of patients having moderate to severe weight loss and 35% of patients with extremely low fat-free mass (FFM) index. [5] This is of great concern, as the decreased body weight in patients with COPD has been recognized as a poor-prognostic factor [5] [6] [7] with the survival time of about 2 to 4 years in patients with severe disease who are lean with a forced expiratory volume % in one second (FEV1%) of less than 50%. [11] It has also been observed that COPD patients with an initial body mass index (BMI) of less than 20 kg/m 2 or weight loss during the one-year followup period have a higher risk of acute exacerbations with a high mortality rate as compared to COPD patients with a BMI of 20 kg/m 2 or greater or no weight loss. [11] 
Causes of Undernutrition in COPD Patients
The pulmonary cachexia syndrome in COPD patients is characterized by a weight loss of 5% to 10% of initial body weight, weight less than 90% of ideal body weight (IBW), or weight loss exceeding 5% in the past 3 to 12 months.
The exact pathogenesis of PCS still remains unclear, as a number of factors contribute to a progressive reduction in lean body mass. These include tissue hypoxia, disuse atrophy, changes in metabolism and caloric intake, oxidative stress, aging, inflammation, and medications (glucocorticoids) and malnutrition. [12, 13] Metabolism and caloric intake It has been demonstrated that in COPD patients the resting energy expenditure (REE) is increased. [12] [13] [14] Many of the COPD patients are in a state of hyper metabolism; that is, they consume more calories per kilogram on calorimetric measures, likely because of the increased work of breathing. [12] [13] [14] Despite this, COPD patients have a reduced dietary intake due to loss of appetite because of decreased general physical activity, a tendency towards depression, or dyspnea while eating. [15] Systemic inflammation COPD is recognized as a systemic inflammatory disorder associated with increased production of inflammatory cytokines such as interleukin (IL)-6, IL-8, and tumor necrosis factor (TNF)-α, and chemokines. [16, 17] Koehler et al. [18] in 2007 demonstrated a significant correlation between increased levels of IL-6 and decreased appetite. The studies done by Ouchi et al. [19] and Breyer et al. [20] showed dysregulation of adipokines in patients of COPD, giving rise to low-grade systemic inflammation. Görek et al. [21] demonstrated a correlation between the elevated serum TNF-α levels and weight loss in COPD patients.
Hypoxia
At the cellular level an adequate tissue oxygenation implies appropriate matching of oxygen demand and delivery. The oxygen demands increase in patients with advanced COPD due to the increased work of breathing, though the ability to respond to these increased demands is limited. This phenomenon is commonly seen in patients with emphysema, where the severity of the airflow obstruction is linearly related to impaired left ventricular filling, reduced stroke volume, and lower cardiac output. [22] In this case the body maintains the blood flow to the critical sites such as the heart, central nervous system, and the ventilatory muscles, while peripheral tissues including the skeletal muscles develop hypoxia and nutrient deficit. [23] Medications Glucocorticoids used to treat COPD exacerbations, play an important role in muscle wasting syndromes as they inhibit protein synthesis and promote protein catabolism, despite increasing the appetite. This muscle wasting side effect of glucocorticoids (glucocorticoid-induced myopathy) is thought to be dose-related and a dose greater than 60 mg/ day may lead to reduction in respiratory muscle strength. [24, 25] Patients with COPD also lose peripheral muscle oxidative phenotype, which makes their muscles less energy efficient and more prone to oxidative stress and thus augmenting the loss of muscle mass. [24, 25] Aging COPD is a disease of the elderly. Body composition changes with aging, and the elderly progressively show loss of lose fat-free body mass (primarily muscle tissue) causing the decline in muscle strength leading to reduced exercise capacity.
Management
The association of weight loss and muscle wasting in COPD patients have been shown to increase morbidity and mortality. Nutrition supplement therapy along with exercise is advised in such patients.
Screening for malnutrition:
The patients with COPD should be monitored for the presence of pulmonary cachexia or weight loss approximately every 6 to 12 months or at the time of routine visits. Patients are assessed for a weight lesser than 90% of ideal body weight or BMI ≤ 20.
General measures
(1) Reducing the work of breathing by optimizing the lung function. This reduces the caloric requirement and expenditure and also increases patient's adherence to exercise.
(2) Regular exercise: This not only stimulates appetite, but also improves the effectiveness of nutritional therapy. [26] 
Nutritional interventions
Nutritional supplement therapy has been proved to be effective for maintaining and improving the muscle strength and exercise tolerance in poorly nourished COPD patients and are identified as a modifiable risk factor to chronic disease development and progression. [27, 28] (1) Cai et al. [29] in 2003 demonstrated a significant improvement in pulmonary function in COPD patients with a high-fat, low carbohydrate diet as compared with the traditional high carbohydrate diet. (2) Fruits and vegetable intake has been found beneficial in chronic and acute respiratory conditions as they contain antioxidants, minerals, vitamins, flavonoids, phytochemicals, and fiber. [30] (3) Omega-3 polyunsaturated fatty acids (PUFA) have been shown to have an antiinflammatory effect and may be of benefit in a chronic inflammatory condition like COPD and also in malnourished patients. [31, 32] (4) Vitamin D: The serum levels of vitamin D have been found to be low in patients with COPD [33] , and its deficiency has been related to early progression of COPD. [34] Various studies have shown a positive relation of vitamin D supplementation in patients with COPD. This may be due to the immune-modulatory effect of vitamin D, and it also helps to decrease the myopathy/muscle weakness. [35] (5) Vitamin C and E supplementation also plays a promising role in alleviating COPD symptoms. [27] (6) Small frequent meals that are dense in nutrient content with sufficient calories that meet basal energy expenditure and induce weight gain, meals that require little preparation (e.g. liquid nutritional supplements, microwaveable), resting before meals, and taking daily dose of multivitamins are recommended.
CONCLUSION
This review shows that undernutrition in patients with COPD is an important risk factor for poor quality of life and physical exercise performance, with increased risk of exacerbations. There is enough evidence to show that in patients with COPD a well-balanced diet is beneficial, not only for the potential gains in the pulmonary status, but also for lowering metabolic and cardiovascular risks. [36] The nutritional supplement therapy not only improves undernutrition in COPD patients, but also is beneficial in the prevention of the development, progression, and exacerbation of COPD, and suppresses the inflammatory response. In order to increase the overall survival rate and decrease morbidity in patients with COPD, the nutritional aspect should be incorporated into the management of this disease.
